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IN  ONTARIO' 

WILLKT  G.  MILLER  and  CVRIL  W.  KXKiHT 
Ontario  Geological  Sun-ey,  Toronto,  Canada 

The  pre-Cambrian  rocks  of  Ontario  have  undergone  much 
scrutiny  during  the  last  seventy  years.  At  the  very  beginning 
of  his  labors  as  provincial  geologist  of  Canada  (Ontario  iind  Quebec) 
in  1843  Logan  confirmed  the  observations  made  by  other  investi- 
gators, that  the  oldest  fossiliferous  rocks  lie  unconformably  on 
a  vast  crystalline  series.  By  degrees  he  and  his  associates,  work- 
ing in  the  regions  adjacent  to  the  Ottawa  River  and  to  the  north 
shore  of  Lake  Huron  respectively,  came  to  the  conclusion  that 
these  ancient  rocks  as  regards  their  age  relations  are  divisible  into 
two  great  groups,  the  older  of  which  was  named  the  Laurentian 
and  the  younger  the  Huronian.'  Other  pre-Cambrian  rocks  were 
studied  on  Lake  Superior.^  To  these  was  given  the  name  Upper 
Copper-bearing  Rocks  of  Lake  Superior.  Thc\-  were  divided 
into  two  groups,  the  upper  of  which  has  come  to  be  known  as  the 
Keweenawan  and  the  lower  as  the  Animikie. 

■  This  paper  was  presented  in  abstract  at  the  meeting  of  the  Geological  Society 
of  America,  December,  1914. 

'  Anierican  Association  for  the  Advancement  of  Science,  1857;  Geology  of  Canada, 
1863,  pp.  22  f. 

1  Geology  of  Canada,  1863,  pp.  67  f. 
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\n  c«mf..rmity  with  the  viVws  ..f  the  time,  L.)Kiin  :in<l  his  asso- 
ciates considered  the  Laurenti.in  t.>  be  made  up  issentially  of 
metamon)hosed  sedimentary  materi.il.  W  ith  the  passing  of  the 
years,  the  Laurentian  came  to  l)e  looked  u])on  as  separable  into 


Kio.  1.— Ck-oIoKiial  sketch  map  ot  Ontario 


three  groups:  (i)  Lower  Laurentian  or  Ottawa  series,  consisting 
essentially  of  granite  gneiss;  (2)  Middle  Laurentian  or  (irenville 
series,  consisting  of  cr>stalline  limestone  and  other  rocks;  and 
(3)  Upper  Laurentian  or  Xorian,  From  the  Laurentian  groups 
was  first  taken  the  Upper  Laurentian,  which  was  proved  to  be  not 
of  sedimentary  origin  but  an  intrusive.'     Afterward  the  Grenvill'* 

■  .VfHcj  Jahrb.,  Beilage  Band  8,  1893,  pp.  419-98, 
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was  taken  away  and  t!ic  name  Laurentian  lame  to  stand  ..nly  for 
Kranite  and  gneiss  of  undoubted  igneous  oriKin,  older  than  the 
so-called  Ilunmian  se<liments.' 

<  I.ASSIFH  ATtriNS    VOW    IX   USE 

The  need  for  i  revision  of  the  i  iassilU  ation  and  noniem  lafurc 
of  the  pre-Camhrian  nuks  has  I.een  felt  from  time  to  time  as 
knowledp  (oncernin«  them  has  imreased. 

Table  I  shows  the  classifuation  that  has  been  adopted  by  the 
authors.'  Like  all  other  elassilu  ations  it  will  be  subjei  I  to  revision 
when  a  more  perfect  understanding  of  the  relations  of  the  rocks 
is  acquired. 

In  'I'able  II  are  fjiven  the  ciassitkations  employed  bv  several 
other  authors. 

LAURENTI.W   AND  JIUROMAV 

Loi,'an,  himself,  when  introducing  the  names  Laurentian  and 
Huronian  said:  "These  local  names  are,  of  course,  only  provisional, 
devised  for  the  puriM)se  of  avoiciinj;  i)araphrastic  or  descrijjtive 
;it.es.  the  use  of  which  had  been  found  inconvenient,  and  they  can 
be  changed  when  more  important  developments,  proved  to  be  the 
equivalents  of  the  series,  are  met  with  elsewhere."'  Hence,  when 
it  is  found  advisable  to  change  the  classification  or  to  discard  the 
now  historic  names.  l«H)ked  on  by  Lc«,'an  as  beiag  only  provisional, 
mere  sentiment  should  not  be  permiidd  to  stand  in  the  way.  In 
most  cases  it  is  better  to  discard  a  name  rather  than  employ  it  in 
a  new  sense. 

As  shown  in  a  i)recedin>;  paragraph,  the  tern\  Lau-entian  is 
now  used  in  a  much  restricted  sense  ;  I.  as  will  ?>e  seen  n-  the 
following  pages,  ditferent  meaning-  re  attach»\l  to  it 
authors.  The  ear'icr  literature  in  which  Laurentian 
described  has  become  almost  unintelligible. 

.M'!.h  confusion   has  arisen  also  through  the  cmj 
the  classic  name  Huronian,  especially  witii  the  ;h< 
Middle,  and  Lower,  in  difTerent  senses.     The  term  L> 
ian.  for  example,  has  been  applied  indiscriminately  t..  , , 

■  Report  of  International  Committee,  Jour.  Geo!.,  Fcbruiiry-March, 

'  Out.  Bur.  Mines,  XXII,  I'art  11,  .\|,,)ondix. 

>  .Imerkan  Associalion  for  the  .Idiaimmcil  of  Science,  i8>7. 
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that  lie  below  one  of  the  greutest  known  untonformitii-A,  that 
bttwft-n  the  Timiskamian  uml  Animikcan  of  our  ( la>Niruati(m,  as 
well  as  to  tl.oso  above  it.  AKaiii,  nKk>  have  htrn  liassid  a". 
Uppt-r  Huronian,  or  AnimiKif,  whi(  h  ha\c  not  lutn  provi-d  to  be 


Kk.wkknawan 

I'mon/ormily 
Ammikkan 


(in-Ill  ufttonformily 

(Aluoman  granite  and  gneiss) 
Igneous  contact 

TiMISKAMUN 


Great  unconformity 


TAHU:  I 
I'rk Cambkiav 


I'ndtT  this  hciulinK  the  iiiiihors  plan-  iu)t 
only  ihi'  rotks  th.it  h.tve  heretofore 
U-i-n  litlled  Anir.iikie.  I'Ut  the  so-iaiied 
llurotiian  roiks  of  the  'liiissic"  Late 
Huron  area,  and  the  Cobalt  and  Ram- 
say I.ake  series.  .Minor  unionforniiiies 
occur  within  the  .\nimikean. 

Laurcntian  of  some  authors,  and  the  Ix)r- 
rain  granite  ui  CoU.ilt.  and  the  Killarncy 
granite  of  Lake  Huron,  etc. 

In  this  group  the  authors  place  sedimen- 
tary rocks  of  various  localities,  that 
heretofore  have  been  called  Huronian, 
and  the  Sudbury  series  of  Coleman. 

There  is  no  evidence  that  this  unconform- 
ity is  of  lesser  magnitude  than  that 
beneath  the  .\nimil;ean. 


(Laurentian  granit-j  and  gneiss) 
Igneous  contact 

Grenvillc 
LoGANUN  \  (''^'''dimentary) 

Keewatin 

(Igneous) 


The  authors  have  found  the  Keewatin  to 
occur  in  considerable  volume  in  south- 
eastern Ontario  and  have  determined 
the  relations  1)1  the  (irenville  to  it. 


different  in  age  from  certain  .so-i  alkd  Lower  and  Middle  Huronian. 
It  may  be  added  that  for  many  years  the  Keewatin  also  was  called 
Lower  Huronian.  Even  at  the  i)resent  time  when  making  use  of 
the  name  Huronian,  in  order  to  secure  clearness,  it  is  necessary 
to  say  in  what  sense  the  name  is  einployed,  whether  in  that  of  the 
United  States  Geological  Survey  or  in  that  of  Coleman  or  Lawson 


/•/fA  (    11/ WAV  l.\    .  /.  IVV/A, 


I  '<»\  l\  o\  t   \Kli> 
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tl  ill     Owiiifj  to  the  (onfuMiin  that  has  ariMii  in  timiui  titui  with 
thi-  ihi  (i!  ihi-  ttrm  thr  authors  think  it  w .11  tr  tliManl  it 

Amonjj  thi'so,  ituhuliiiK  ('Mli-ni;iii  (ullins  nl  thi'  .mtho'  . 
who  havr  stuili.il  «lurinK  r  icnt  years  thi-  i>rc-(amhrian  roiks  of 
thf  I-akr  Huron  Lake  I'lnii^kanunn  ••'  'i  ".,  iht-rt'  I>  ;'.'nrimMit  as 
t(j  most  ')f  thi-  a^i-  nlations.  as  will  Ik-  ..irn  !•  i.  lu'  l.i»ili(  ations 
on  u  follow inj;  pajjv,  hut  ililTort-nt  nonu-nilalurts  ar'  tnipioyod. 

As  to  fa' ts,  the  ( hicf  tlilTtrenri'  m  opinion  lictwitn  (dltman 
and  the  authors  is  in  refjanl  to  the  relations  amon;;  what  he  rails 
the  Lower  and  U|>per  Huronian  and  the  Animikie,  and  what  we 
call  eolleelively  the  Antmitean.  It  is  agreed  that  the  Cobalt  series, 
the  Ramsay   Lak<  es  of  Suilhury.  and  the  usually  tlat  lyinn 

sediments  of  the  '  -  area  of  Lake  Huron  are  of  the  >anie  ajje. 
But  in  Coleman's  .,Jinion,  as  shown  in  his  table,  the  sediments  of 
the  Sutlbury  basin,  the  so-(alled  .\nimikie  series,  are  younjjer  than 
the  Ramsay  Lake  series,  which  he  classes  as  Lower  Huronian. 
But  no  discordance  has  been  proved  to  e.xist  between  the  Ramsay 
Lake  scries  and  the  Animikie  of  the  near-by  Sudbur)  ba>in.  For 
this  and  other  reasons  the  authors  class  the  Ramsay  Lake  >eries 
and  the  Animikie  together  as  'he  Animikean.  In  this  they  are 
sujjported  by  investigations  made  by  Van  Hise  and  Seaman,  who 
say:  "About  half  a  mile  east  of  Sudbury  they  found  a  breccia  or 
conglomerate  (Rainsay  Lake  series)  similar  in  e\  "  way  to  that 
seen  at  Onaping  [Animikie  series  of  Sudbury  basin]  resting  on  the 
erofled  i  'ges  of  Huronian  ['limiskamian]  and  containing  fragments 
fit."' 

Beginning  with  the  bottom  of  the  columns  of  the  two  dassi- 
tications,  it  will  be  seen  that  Coleman  has  accepted,  provisionally 
at  least,  our  interpretation  of  the  relations  of  the  Keewatin  and 
the  Grenville,  described  in  a  recent  rei)ort.' 

As  is  shown  by  Table  U.  Coleman  and  Collins  use  the  name 
Sudbury  series  or  Sudburian  for  the  rocks  which  we  call  'I'imis- 
kamian.  But  Timiskamian  has  priority  as  it  was  emjiU.ved  by 
the  Ontario  Bureau  of  Mines  for  rocks  that  occur  at  various  points 
over  an  area  at  least  5.0CX)  square  miles  i..  extent  before  the  term 
"Sudburian"    was    introduced.'     Moreover,    since    Logan     first 

■  L'.S.  Geol.  Survey  Bull.  j6o,  p.  4^5.  '  Out.  Bur.  .Mines,  XXIl,  l'.irt  II. 

J  Eiig.  and  Min.  Jour.,  Seplcmbcr  30,  191 1,  p.  (148. 
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stuflicd  his  '-Huroniiin"  rocks  on  Lake  Timiskaminj,'.  the  name 
Timiskamian  is  appropriate  for  a  part  of  them.  Further,  the 
name  Sudburian  is  likely  to  be  confused  with  sudburite,  a  name 
applied  to  certain  basic  igneous  rocks  at  Sudbury  that  intrude  the 
Timiskamian  but  are  older  than  the  Algoman  granite  and  gneiss.' 
It  may  be  added  that  basic  rocks  of  the  age  of  sudburite  are  wide- 
spread and  have  frequently  been  mistaken  for  Keewatin.  They 
are  represented  by  the  i)erid«)tite  and  augite  lamprophyre  of  the 
Porcupine  region,  one  hundred  miles  north  of  Sudbury,  and  by 
the  lamprophyres  and  other  rocks  of  Cobalt,  ninety  miles  to  the 
northeast  of  Sudbury.  For  economic  purposes,  at  least,  some  age 
name  should  probably  be  applied  to  these  basic  rocks.  Sudburian 
would  be  suitable  had  it  not  been  used  in  another  sense. 

While  Coleman  and  the  authors  are  agreed  on  the  age  relations 
of  the  two  great  series  of  granites  and  gaeisses.  ditTerent  nomen- 
clatures are  employed.  The  rocks  that  he  calls  "(Jranites  Erup- 
tive through  the  Keewatin,"  and  to  which  he  gives  no  distinctive 
age  name,  we  class  as  Laurentian.  In  his  classification  Laurentian 
is  applied  to  the  granites  and  gneisses  that  we,  following  Lawson's 
nomenclature,  class  as   \igoman. 

The  appellation  Laurentian  was  first  given  to  the  rocks  of  the 
district  bordering  the  Lower  Ottawa  River,  and  the  older  granites 
and  gneisses  here  are  flifferent  in  age  from  the  Algoman.  The 
fact  that  the  rocks  now  called  Algoman  have  frequently  been 
classed  as  Laurentian  should  not  be  given  consideration.  If  the 
name  Laurentian  is  to  be  retained,  it  should  be  applied  to  the 
oldest  granites  and  gneis.ses.  'l"he  following  (juotation  shows  that 
Logan  did  not  intend  that  the  name  .should  be  applied  to  granites 
that  are  intrusive  into  any  part  of  his  "Huronian."  Furthti.  it 
will  be  seen  that,  in  the  clas.sic  area  of  Lake  Mun.ii.  Lwi;an  recog- 
nized l)oth  the  Laurentian  which,  in  his  opinion  underlies  all  of 
his  Huronian  sediments,  including  that  i)art  of  tluni  now  known  as 
'J'imiskamian.  and  granites  eruptivi^  into  the  Huronian.  L'nfortu- 
nately  later  work  has  shown  that  much,  at  least,  of  what  he  con- 
sidered to  be  Laurentian  is  really  the  intrusive  granite  which  he 
called  Huronian  granite. 
■  0,,!.  liiir.  .\n,i,s.  xxm,  -'15-1;. 


PRE-CAM BRIAN  CLASSIFKATIOS  I\  OXTARJO 


591 


■■ 


The  intrusive  gninite  occupies  ;i  consi(Ier:il)le  ;ire;i  on  ihe  coast  of  Lake 
Huron,  south  of  Lake  I'akokaRaminR.  It  there  l)reaks  through  and  disturhs 
the  pneiss  of  Ihe  Laurenlian  series  and  forms  a  nucleus  from  which  emanates 
a  complexity  of  dykes,  proceeding  to  considerable  distances.  As  dykes  of  a 
similar  character  are  met  with  intersecting  the  rocks  of  the  Huronian  series 
[Timiskamian],  the  nucleus  in  question  is  supposed  to  he  of  the  Huronian  age, 
as  well  as  the  greenstone  dykes  which  are  intersected  hy  it.' 

If  Logan  mistakenly  applied  the  name  Laurentian  to  his 
'•Huronian  granite"'  in  certain  areas,  why  should  his  mistake  Ije 
perpetuated  ?  Xovv  that  we  know  these  granites  and  gneisses 
in  some  iocahties  belong  to  what  he  called  Huronian  granite,  why 
should  we  apply  the  name  Laurentian  to  them  instead  of  to  the 
group  that  is  much  older,  the  Laurentian  of  our  classification  and 
the  "(iranites  Eruptive  through  the  Keewatin"  of  Coleman's? 

There  are  certain  objections  to  giving  the  names  of  systems  or 
series  to  intrusivcs  such  as  the  Laurentian  and  Algoman.  For 
this  reason  the  authors  prefer  to  inclose  the  names  in  })arenthescs 
in  the  table  of  classification,  thus:  (Laurentian  intrusives)  and 
(Algoman  intrusives),  or  (Laurentian)  and  (Algoman).  These 
intrusives  occur  in  such  great  volume  in  the  pre-Cambrian  that  it 
would  seem  well  to  retain  distinctive  age  names  for  them.  Age 
names  are  especially  useful  in  economic  work,  our  most  important 
gold  deposits,  for  example,  being  genetically  connected  with  the 
Algoman. 

Uf.\L   Sl'BDIVISION 

A  dual  subdivision  of  the  pre-Cambrian,  as  shown  in  Table  H, 
is  employed  by  many  authors.  It  is  purely  arbitrary,  and  is  now 
known  to  be  based  on  a  misconception  as  to  the  relations  of  the 
rocks.  It  was  believed,  or  assuined,  that  the  greatest  uncon- 
formity within  the  pre-Cambrian  is  that  at  the  base  of  the  '"Lower 
Huronian,"  as  the  term  is  used  by  the  U.S.  CJeological  Survev, 
Such,  however,  has  not  proved  to  be  the  case.  There  is  no  i)roof 
that  the  unconformity  at  the  base  of  the  Timiskamian  is  of  less 
magnitude  than  that  at  the  base  of  the  Animikean,  of  the  authors' 
classification,  or  vice  versa.  According  to  Coleman,  the  various 
sedimentary  series  of  the  Timiskamian.  his  Sudhurv-  series,  where 


■  (jioloKy  !>/  Ciiihiilii,  1S63,  p.  5S. 
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most  fully  developed,  appear  to  have  an  api)roximate  aggregate 
thickness  of  29.000  feet."  Elsewhere  these  sediments  are  also 
known  to  have  great  thickness. 

The  term  "Eparchean  Interval."  concerning  which  there  has 
been  so  much  discussion  in  the  past,  should  now  be  discarded. 
The  so-called  Lower  and  Middle  Huronian  rocks  of  the  classic  area 
of  Lake  Huron  lie  above  and  not  beneath  it.  There  are  now  known 
to  be  two  great  "intervals"  in  the  pre-Cambrian.  that  beneath  our 
Animikean  and  that  beneath  our  Timiskamian.  and  not  merelv 
one  as  has  been  assumed. 

Moreover,  a  dual  subdivision  of  the  pre-Cambrian  cannot  be 
justified  on  the  basis  of  differences  in  metamorphism  or  other  char- 
acteristics of  the  rocks.  Xormally  there  is  a  gradual  increase  in 
degree  of  metamorphism  from  the  youngest  to  the  oldest.  In  the 
province  of  Ontario  the  Animikean  rocks  are  onlv  slightly  meta- 
morphosed or  disturbed,  while  the  Timiskamian  are  disturbed  and 
frequently  rendered  schistose,  and  the  Loganian  are  highly  meta- 
morphosed. 

Sediments.  Grenville,  occur  in  great  volume  in  the  Loganian. 
Hence  the  '"Archean"  cannot  be  said  to  be  cssentiallv  igneous,  as 
assumed  at  one  time.  Moreover,  ordinary  stratigraphic  methods, 
which  have  been  cited  as  a  test  as  to  whether  certain  groups  of 
rocks  should  be  classed  as  Archean  or  other%vise.  can  be  applied 
m  studying  the  Grenville.  This  has  been  shown  by  the  authors' 
work  in  southeastern  Ontario.' 

Briefly,  it  may  be  said  that  the  discovery  of  the  true  relations 
of  the  Timiskamian  destroys  the  argument  for  a  dual  classifica- 
tion of  the  pre-Cambrian. 

COMMENTS   ox   TABLES    I   AND   II 

The  name  Keweenawan  in  the  tables  is  employed  in  the  sense 
in  whi(  h  it  has  been  used  by  most  writers  on  the  pre-Cambrian 
of  North  America.  Certain  greenstones  in  the  Lake  Huron  area 
were  classed  by  Logan  as  intrusives  of  Huronian  age.  Ti.e\-  have 
come  to  be  known  as  the  "Thessalon  greenstones."  after  the  name 

'Ont.  Bur.  Mines,  XXIII,  214. 

'//'/</..  XXII,  l',irt  II,  [)|).  41  f. 
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of  the  nciir-by  town,  ami  (lurin>;  the  last  decade  they  have  l)een 
frequently  referred  to  in  literature  and  classed  as  of  Keewatin  aj;e. 
In  the  summer  of  IQ14.  however,  the  junior  author  was  able  to 
verify  Logan's  conclusion  regarding  their  age.  and  to  prove  that 
they  are  in  intrusive  contact  with  the  Animikean.  as  detined  in 
Table  I.     Hence  they  are  classed  as  Keweenawan. 

The  group  name  Animikean  is  explained  in  a  preceding  para- 
graph as  well  as  in  Table  I.     In  addition  to  what  has  long  been 
called  the  Animikie.  it  includes  the  usually  flat-lying  sediments  of 
Lake  Huron,  which  have  been  classed  as  Lower  and  Middle  Huron- 
ian  by  various  authors.     There  is  an  unconformity  within  these 
sediments  but  we  do  not  think  it  is  of  the  magnitude  that  it  has 
been  inferred  to  be.     It  is  to  be  described  in  a  forthcoming  paper.' 
We  look  on  this  unconformity  as  being  similar  to  those  which  have 
been  observed  in  the  Cobalt  series.     As  already  said,  the  flat-lying 
sediments  of  Lake  Huron,  the  Ramsay  Lake  series  of  Sudbury,  and 
the  Cobalt  series,  all  being  of  post-Algoman  age  and  no  discordance 
having  been  proved  to  exist  between  them  and  the  Animikie.  are 
classed  by  us  with  the  latter  rocks  under  the  name  Animikean. 
It  may  be  added  that  the  quartzites  and  jasper  conglomerates  of 
the  upper  part  of  the  Lake  Huron  series  resemble  rather  closely 
the  upper  part  of  the  Cobalt  series.     As  shown  in  Table  II.  Collins 
applies  the  local  name  Whitewater  series  to  the  sedimentary  rocks 
of  the  Sudbury  Nickel  Basin.     The  name  was  given,  however,  by 
Xickles  and  Foerste  in  1905  to  a  part  of  the  Richmond.-'    Hence, 
it  should  not  be  employed  for  the  Surlbury  rocks.    The  name 
Fabre,  which  has  been  used  by  certain  authors  as  synon>mous  with 
Sudbury  or  Timiskaming,  should  also  be  discarded,  since  the  rocks 
to  which  the  name  was  applied  are  merel>'  part  of  the  Cobalt  series.' 
The  name  Algoman  was  introduced  by  A.  C.  Lawson  in  1913.^ 
The  authors,  having  found,  in  the  areas  examined  by  them,  that 
granite  and  gneiss  of  post-Timiskamian  and  pre-Animikean  age  are 
of  wide  extent,  had  employed  local  names  to  designate  these  rocks. 
At  Cobalt  the  grinite  was  called  Lorrain  and  in  southeastern 

■  Out.  Bur.  Mines,  XXIV. 

'  i'.S.  Geol.  Hiincy,  Frofcssiomil  Paper  71,  p.  I7-'- 

iOiil.  Hiir.  Mines.  XIX.  Part  II,  p.  62 

'  Compte-Kendii,  uth  Int.  Geol.  Congress,  pp.  359-''>- 


\ 


PRE-CAMBRIAS  CLASSfF/CATlOX  /.V  OMARIO 


595 


f 

fi 


Ontario.  Moira,  while  other  writers  had  given  the  name  Killarnev 
to  the  granite  that  occurs  along  the  north  shore  of  Lake  Huron. 
Algoman  now  being  jjreferreci,  although  not  having  priority,  the 
other  names  may  be  discarded  or  used  locally. 

Basic  rocks,  of  pre-Algoman  and  post-Timiskamian  age.  des- 
cribed in  a  preceding  paragraj)h.  are  widespread,  but  no  age 
name  is  given  to  them  in  the  tables. 

The  age  relations  of  the  Timiskamian  rocks  have  alread}-  been 
described,  and  reasons  have  been  given  for  i)rcferring  the  use  of 
this  name  to  the  other  that  has  been  projjosed  for  them. 

On  a  preceding  page  reasons  have  been  advanced  for  apjjlying 
the  name  Laurentian  to  the  pre-Timiskamian  granites  and  gneisses 
and  not  to  those  of  post-Timiskamian  age. 

The  authors  agree  with  Lawson  that  the  Keewatin  and  the 
Grenville,  or  Couchiching.  should  be  grouped  together.  Ontarian, 
however,  should  not  be  emplo\cd  as  the  name  of  a  pre-Cambrian 
group,  since  the  \ew  York  State  geologists  have  long  used  the  term 
Ontario  (or  Ontario)  as  synonymous  with  Siluric.  Recognizing 
the  objection  to  Lawson's  use  of  the  term,  we  have  substituted  for 
it  the  name  Loganian.  as  shown  in  'I'able  II.' 

According  to  the  views  of  the  authors,  the  relations  between 
the  Keewatin  and  the  Grenville  are  as  follows:  The  Keewatin 
rocks  represent,  for  the  most  part.  sul)marine  lava  flows.  On  the 
surface  of  these  flows  are  deposited  the  Grenville  sediments. 
Moreover,  it  is  believed  that,  while  the  major  part  of  the  Grenville 
is  later  than  the  major  part  of  the  Keewatin,  a  minor  part  of  one 
group  is  contemporaneous  with  a  minor  part  of  the  other.  Hence 
the  two  groups,  volcanic  and  sedimentar>-  respectively,  are  jilaced 
in  the  authors'  classification  under  one  age  term,  the  Loganian. 
Lawson's  Couchiching.  it  seems  to  the  authors,  should  be  corre- 
lated with  the  base  of  the  (Jrenville.  anil,  since  Grenville  is  the 
older  term,  we  prefer  to  discard  Couchiching  or  use  it  only 
locally. 

That  part  of  th'.-  ^anian  known  as  the  Grenville  is  found  in 
much  greater  volume  in  southeastern  Ontario  and  the  adjacent 
part  of  Quebec  than  in  the  northern  and  northwestc-n  parts  of  the 

■  Onl.  Bur.  Mines,  XXII,  Part  II.  Appendix. 
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province.  'I'his  is  apparently  chiefly  due  to  less  erosion  having 
taken  place,  especially  i)rior  to  'limiskamian  time,  in  the  south- 
eastern section  than  in  the  others.  Over  the  northern  and  north- 
western areas  the  Cirenville  was  eroded  until  only  comparatively 
small  remnants  in  most  acalities  were  left.  Later  erosion,  and 
intrusions,  especially  the  Al^oman.  have  also  assisted  in  destroying 
the  (Jrenville.  However,  the  broader,  more  extensive  areas  of  the 
series  in  the  southeast  can  be  connected,  by  tracing;  outliers  from 
point  to  p'vliit,  with  the  exposures  in  the  north  and  northwest, 
where  occur  Timiskamian  and   ^  nimikean  rocks. 

Coleman  has  described  a  comparatively  large  area  of  Grenville 
rocks,  seven  or  eight  miles  southeast  of  the  town  of  Sudbury,  whose 
relations  to  the  Timiskamian.  his  Sudbury  scries,  he  has  deter- 
mined.' The  Grenville  here  consists  of  cyrstallinc  limestone,  quart- 
zite.  and  various  schists  and  gneisses,  while  the  Timiskamian  con- 
tains quartzites,  greywackes,  and  other  sediments.  The  Grenville 
series  is  profoundly  metamorphosed.  The  Timiskamian.  on  the 
other  hand,  while  often  schistose  and  resting  in  highly  inclined 
positions,  has  suflfered  much  less  metamorphism  than  the  (irenville. 
There  can  be  no  doubt  that  the  two  series  near  Sudbury  are  sepa- 
rated by  a  great  discordance  and  that  the  Grenville  is  vastly  older 
than  the  Timiskamian.  Similar  relationships  are  found  in  other 
localities  in  most  of  which  the  Grenville  is  represented  by  only 
very  small  outliers. 

Near  the  eastern  end  of  Lake  Kipawa,  Quebec,  which  lies  not 
far  distant  from  the  foot  of  Lake  Timiskaming,  there  is  an  area 
of  Grenville,  consisting  of  crystalline  limestone  and  other  sediments. 
These  rocks,  described  by  the  senior  author  in  1901,  have  been 
much  disturbed  by  an  intrusion  of  granite,  apparently  of  the  same 
age  as  that  of  Lake  Timiskaming,  on  the  eroded  surface  of  which 
lie  tuL-  fragmental  rocks  of  the  Cobalt  scries,   Vnimikean.^ 

It  would  thus  seem  that  the  authors  are  justified  in  correlating 
the  rocks  of  southeastern  Ontario  with  those  to  the  north  and  north- 
west. They  have  no  doubt  as  to  the  relations  of  the  (irenville  to 
the  Keewatin  which  occurs  in  large  volume  in  the  southeastern  part 

'  Ont.  Bur.  Mines,  XXIII,  208-p. 

'  Am.  Geologist,  J.inuary,  1901;  Ont.  Bur.  Mines,  XIII,  loj. 
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of  the  province  as  well  as  in  ihc  north  and  northwist.  In  the 
southt-astern  section  there  is  also  a  series,  the  Hastings,  that  is 
believed  to  represent  the  Timiskamian  of  the  north.' 

MKTAI.LOGK.NKTU:    NOTES 

During  the  last  decade,  owiii;'  to  the  great  progress  that  has 
been  mndc  in  the  production  of  metals  in  Ontario,  special  facilities 
have  been  provided  for  the  study  of  pre-Cambrian  rocks.  Our 
information  has  been  much  increased  concerning  the  age  relations 
not  only  of  the  rocks  that  represent  various  epochs  of  this  great 
period  but  also  of  the  ore  deposits  that  are  associated  with  them. 
Of  no  other  part  of  the  continent,  or  of  the  world,  has  the  pre- 
Cambrian  proved  to  be  of  greater  economic  interest.  The  province 
not  only  has  the  world's  greatest  deposits  of  nickel,  among  which 
have  been  developed  mines  that  compare  favorably  in  economic 
importance  with  those  of  any  other  metal  found  elsewhere,  but 
the  gold  mines  and  the  -.obalt-silver  areas  are  recognized  as  being 
among  the  greatest  known. 

From  Table  III  it  will  be  seen  that  there  were  at  least  four 
great  metallogenetic  epochs  during  the  pre-Cambrian  period  in 
Ontario— (;renville,  Algoman,  Animikean,  and  Keweenawan.  A 
fifth  epoch  of  minor  importance  s'uould  probably  be  added  to 
represent  the  ore  bodies  associated  with  the  basic  intrusives  that 
preceded  the  intrusion  of  the  Algoman  granite  and  followed  the 
deposition  of  the  Timiskamian  sediments.  There  is  proof  that 
many  important  ore  deposits  have  been  removed  by  erosion,  and 
it  seems  not  unlikely  that  the  rocks  of  certain  epixhs,  not  now 
productive,  contained  deposits  which  have  disappeared  through 
the  removal  of  vast  thicknesses  of  material. 

SEOUEXCE    C/    INTRUSION-   .\ND   METAL   DEPOSITION 

Table  I  brings  out  an  interesting  alternation  of  intrusion  and 
sedimenta,  on,  anfl  the  importance  of  the  igneous  rocks  in  the 
formation  of  ore  deposits.  It  will  be  seen  that  there  are  broadly 
five  great  epochs  of  igneous  activity,  basic  and  acid  rocks  alter- 
nating, viz.:  (i)  Keewatin.  basic;  (2)  Laurentian,  acidic;  (3)  pre- 
Algoman,  basic;    (4)  Algoman,  acidic;    (5)  Keweenawan,  basic, 

■  Out.  Bur.  Mines,  XXII,  Part  II. 
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passing  in  places  into  a  lonsidcrablf  volume  of  acidic  varieties. 
The  i)re-Alj{onian  i)asic  rocks  are  of  >;reater  volume  ami  wider 
extent  than  the\-  are  usually  recognized  to  be,  since  they  are  fre- 
(luentl;-   wrongly   classed   as    Keewatin.     'Ihese  liasic   rocks   are 

TABLE  111 

rRK-t'AMHKI.\N   EPOCHS   OF  OnTAKIO  .AND    I'lIKlR    Mf.TAL    I'RODVCTION 

Kkwkkxawan  Epoch,  foliuwiiiK  l);isic  intrusions,  of  ((/)  silver,  cob;ilt,  nickel, 
and  arsenic  al  I'ohalt  and  elsewhere,  (b)  nickel  and  copper 
at  Sudbury,  and  cop[)er  elsewhere.  Certain  gold  deposits, 
not  now  productive,  appear  to  belong  to  this  ejxjch. 

Animikkan  E|)och  of  de|)osition  of  "iron  formation"  as  a  chemical  pre- 
cipitate. 

(Alcoman)  Epo(  I    followinR  )2''^n>tc  intrusions,  of  gold  at  Porcupine  and 

at  many  other  localities,  and  of  auriferous  mispickel.  l)e- 
IK>sits  of  galena,  zinc  blende,  tluoritc,  and  other  minerals 
also  apiK'ar  to  have  been  derived  from  the  granites,  but 
some  of  them  were  not  formed  till  post  pre-Cambrian  time. 
Preceding  the  intrusion  of  the  .\lgoman  granites,  basic 
intrusives,  that  appear  to  be  of  post-Timiskamian  age, 
gave  rise  to  nickel  and  titaniferous  and  non-titaniferous 
magnetite  deposits  and  chromite. 

TiMiSKA-UWN  Epoch  of  minor  ticposition  of  "iron  formation"  as  a  chemical 
precipitate. 

(Laurkntian)  Granite  intrusions  probably  gave  rise  to  ore  deposits  which 
have  been  removed  by  excessive  erosion  as  is  known  to  be 
the  case  with  deposits  of  later  origin. 

Loganian 

Grenville     Epoch  of  deposition  of  e.xtensive  "  iron  formation  "  us  a  chemi- 
cal precipitate  among  other  sediments. 

Keewatin     Compose<l  largely  of  basic  volcanic  rocks. 

represented  by  ihe  sudburite  of  the  Sudbury  area,  by  the  lampro- 
phyres  of  Cobalt  and  elsewhere,  and  apparently  by  the  basic  rocks 
of  the  townships  of  Dundonald,  Reaume,  and  others  where  asso- 
ciated with  them  are  nickeliferous  inrrhotite  and  chromite. 

Owing  to  erosion,  the  secjuence  of  metal  deposition  shown  in 
Table  III  is  doubtless  incomplete."     Iron  formation  occurs  in  three 

■  Two  or  three  hundred  feet  more  of  erosion  would  have  Iclt  comparatively  little, 
for  example,  of  the  Cobalt  silver  deposits,  of  which,  it  would  seem,  more  has  been 
eroded  than  has  been  mined,  or  even  of  the  great  Mcsabi  iron  deposits  of  Minnesota. 
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qxuhs.  the  Lo^anian.  Animikcan.  and  rimiskamian.  hut  i>  ..f 
mmoniit  importamt-  only  in  the  fornuT  two.  Certain  dqM.sits 
of  titiinifcrous  and  non-titanilVrous  muKnetitis,  not  n..w  luinj; 
worked,  an-  associated  with  ijasir  intrusives  that  appear  to  he  of 
pre-AJKoman  ajje.  Arsenie  occurs  in  two  epochs  and  has  heen 
produced  in  economic  (|uantities  from  the  rocks  of  hoth.  Fn  so 
far  as  is  known.  Kold  occurs  in  economic  (|uantitv  onlv  .n  the 
Algoman.  although  small  ciuantities  are  obtained  in  relininf;  the 
copper-nickel  ores,  and  certain  auriferous  quartz  deposits,  not  now 
productive,  appear  to  be  genetically  connected  -vith  Keweenawan 
mtrusives.  Nickel,  a.^  has  been  shown  in  the  preceding  table. 
was  deposited  in  economic  quantities  hi  two  epochs.  Cobalt! 
silver,  and  copper  are  produced  only  from  deposit ,  of  Keweenawan 
UKc.  Platinum,  palladium,  mercury,  ami  other  metals  are  found 
in  small  quantities  with  Keweenawan  ores  Zinc  and  lead  have 
been  mined  in  the  province,  but  the  age  relations  of  some  of  the 
deposits  are  in  doubt. 

RELATIVE    ECONOMIC     I.MI'ORT.WCE    OF    V.\RIOtS    ElOfllS 

In  Ontario  in  1913.  t'.c  metal  production  from  ore  deposits  of 
various  pre-Cambrian  epochs  was  as  follows:  Keweenawan  (silver 
copper,  nickel,  cobalt,  arsenic).  S36.55c;,688;  Algoman  (gold),' 
$4,543,690;  Keewatin-Grenville  (iron  ami  iron  ore  I,  Si.ic;5,i5o. 
A  comparatively  small  quantity  of  the  nickel  and  copper  creditecl 
to  the  Keweenawan  should  be  assigned  to  deposits  that  are  asso- 
ciated with  basic  cruptives  of  prc-Algoman.  and  probably  post- 
Timiskamian  age,  but  the  value  is  not  definitely  known. 

While  at  present  in  Ontario  there  is  no  i)roduction  from  deposits 
of  Animikean  or  Timiskamian  age.  millions  of  tons  of  iron  ore  are 
mined  from  deposits  of  these  epochs  in  the  state  of  Michigan. 

It  is  to  be  understood  that  the  ages  given  for  the  deposits  do 
not  refer  to  secondary  concentration,  as,  for  instance,  in  the  case 
of  iron  ores,  but  to  the  epoch  in  which  the  metals  were  first 
deposited. 

In  a  paper  entitled  '-.Metallogenetic  Epo  '.,,  in  the  Pre- 
Cambrian  of  Ontario."  presented  before  the  Royal  .Society  of 
Canacia,  May,  1915,  the  authors  discuss  more  fully  the  age'and 
genetic  relations  of  the  ore  deposits  of  the  province. 


